Molecular Constants of Some Planar XYZ2 Molecules and Ions by Thirugnanasambandam, P & Karunanidhi, N
Molecular constants of some planar XYZ^ molecules and ions
P- T hirtjonanasambandam  a n d  N. K a b u n a n id h i 
DeparlmeMt of Physics, Presidency College, Madras 600005 
{Received 14 November 1974, revised 20 Janwiry 1976)
Indian J ,  Phya, 49. 658-667 (1976)
A fresli study of molecular force constants, generalized mean square 
amplitudes, Coriolis couplmg constants and centrifugal distortion 
constants lias been attempted in nine molecules and ions belonging 
to the planar XYZo type. The values of all these constants obtained 
hero are found to be very reasonable. In particular, the close fit 
ol the pi(isent values of centrifugal distortion constants I with the 
corresponding observed values brings out the significance of the 
fresh procedure, involving kinetic constants, employed ho^e in the 
study of the problem.
1. I ntroduction
The attention of molecular RpectroscopistB has been drawn to the concept of 
kinetic constants in molecules by Thirugnanasambandam (1964). These kinetic 
constants appear to be of basic significance in the study of molecular vibrations. 
They may be advantageously employed to obtain acceptable sets of force constants 
in polyatomic molecules in a simple manner The study of the planar XY^ 
molecules, the bent symmetrical XYg molecules and the* planar XY4 molecules 
accomplished in this laboratory by Thirugnanasambandam et al (1969, 1974a, 
1974b), has given rise to interesting results in relation to these three t3rpes of 
molecules.
Basically, the procedure adopted here is the well-known Wilson’s FG matrix 
method (Wilson et al 1955) and the force field employed is the GQVFF. The 
freshness of the procedure involves two new aspects. The first one is provided 
by the physical moaning of the redundancy constraints (Ford & Orville Thomas 
1967) relating to the force constants. The second one is related to the utiliza­
tion of some of the kinetic constants in simplifying the secular equation and 
solving the same for the independent force constants in molecules.
This elegant method has been followed by Sanyal et al (1972) in their study 
of a few planar XY4 cases while a large number of tetrahedral XY4 molecules 
and ions has been investigated by Srivastava et al (1972) and Sanyal et al (1973, 
1974a). Moreover, some OXg®" ionic systems have also been examined by Sanyal 
et al (1974b) and the utility of the kinetic constants in evaluating the force cons­
tants of polyatomic molecules is being increasingly recognised,
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The present paper attempts to investigate yet another molecular typo, viz., 
tho planar XYZg type, as an extontion of the u^w procedure adopted here. Not 
only force constants but generalized mean square amplitudes, Coriolis coupling 
constants and centrifugal distortion constants have all been studied here. 
These four classes of molecular constants evaluated in seven molecules and two 
ions, have led to interesting results in those cases. These results are very en­
couraging in as much as they not only confirm the well-established aspects of tho 
problem but also give rise to fresh results of significance.
2. T h EORETIOAL CONSIDEIIa t i o e  s
I. F matrix ;
Tho choice of internal coordinates and the orientation of the principal axes 
are shown in figure 1
Fig. 1. Geometry of the planar XYZa type molecule, tho equilibrium bond difltances and bond 
angles.
The symmetry coordinates used are essentially the same as those given by 
Oka & Morino (1963). Following Ford & Orviljlo Thomas, the redundancy
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constraints are utilized to reduce the general F  matrix elements to the following 
simple forms ;
Species :
^11= fD 
■^ 22 — f d ^ f d d  
^33 =  ( m ( f s + M  
^12 =  2*/D(t
-^ 23=  ^ ( ^ I P ) H f d f i  ~ \\fdp '*)
Bi Species
■^ 44 ”  f d — S d d
■^55 =  (1 
^46 =
Bjj Species '
■ 0^0 =  fdlp-^  P equal to dID.
The notations adopted for the force constants and the kinetic constants 
are identical and the number of primes on the interaction constants indicate 
the number of atoms common to both the internal coordinates. ,
*
II. Kinetic constants
Making use of Wilson’s expression for the G matrix elements, the relevant 
O matrix elements and therefore the following expressions relating to the kinetic 
constants are obtained.
j4i Species 
^11 =
K^2 =  1^ d~\~^ dd
■^ 33 =
^12 =  2^knd
ifi8 =  (3/2)*fcn.
s= mp(niai-\-2mz)IM
=  m^(moi+my+2d^z)l^ 
= ms(mg.+my+2chriz)l3M 
=  —2^cmyinzlM 
=  —Q^sm^zl^M
K 22 =  -1 2*W /3 -a/.
Bi Species
=  iV p th - h s )  =  Dhnymt(m^+2s^mz)jIyM 
=  -(l/p)4(fcrt/-^d/) =  2 D s ( d - D c ) m y n iz ^ l I y M
Gonst(MUa for some plm ar molecideo and ions 6 9 1
^M = hlP =[(p-l/c)*K+p*/% +l/2c»m,]-»
whore 5 =  sin cos /?, m/, is the mass of the atom i, M  is the mass of the
molecule and ly  is the moment of inertia of the molecule with respect to the 
^-axis.
n i .  Oeneralised mean aqmre amplitudes
The mean square amplitude matrix elements may be obtained using t}ie 
relation (Cyrin 1968a)
H = LAL
and therefrom the generalized mean square amplitudes may be calculated follow­
ing the method of Morino & Hirota (1965).
IV. Coriolis coupling constants
The Coriolis matrix elements G if (a =  x, y, z) (Oka & Morino 1963) may 
be obtained by the vector method of Meal & Polo (1966) and the zeta matrix 
elements may be evaluated from the relation
where L  is the normal coordinate transformation matrix.
V. Centrifugal distortion constants
Cyvin et al (1968b) have reformulated the theory of centrifugal distortion 
by introducing certain new elements T^ ,^e instead of the partial derivatives 
of the inertia tensor components oi Kivelson & Wilson (1952, 1953). The 
quantities are easily obtained using Cyvin’s method.
3. E bsuxiTs and Discussion
Results relating to nine molecules and ions of planar XYZ^ type are dis­
cussed here. Table 1 gives the molecular parameters and the spectral frequen­
cies employed in the present investigation of molecular constants.
The kinetic constants and force constants are given in tables 2 and 3 res­
pectively. I t is interesting to note that the force constants /n« and as well 
as the corresponding kinetic constants hoa and ka$ are negative in all the molecules 
and ions, Moreover, the two isotopic pairs OOH2, OOD2 and QHOj", 0D02^ 
have nearly the same values for force constants. The carbon-halogen stretch­
ing fori;9e constants and indeed almost all the force constants in cdrbonyl and 
thiooarbonyl halides show uniform variations, decreasing with decreasing elec­
tronegativity of the halogen atoms. The C =  0  stretching force constant remains
4 ; .
Table 1. Structural parameters and vibrational frequencies
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SL Mol/Ion D(A) d(k) 
No.
^ Va(-4i) v (^Bi) v^{Bi) vo(Bb) Referonce
1. COHa
2. CODa
3. CHOa-
4. CDOa  ^
6. COFa
6. COCla
7. COBra
8. CSFa
9. CSCla
1.204 1.102
1.06 1.25
1.174 1.312
1.166 1.746
1.13
1.56
1.56
2.05
1.32
1.75
121W  1746 
1700
116^ 3^0' 2828 
2130 
126°00' 1928 
124"2l' 1827 
125W  1828 
123"45' 1368 
124“2F 1137
27B3
2066
1355
1327
965
567
426
787
506
1600
1106
769
762
626
286
181
626
220
2843 1249 1167 
2160 990 938
1690 1385 1062 
1580 1010 912
1249 584
850 440
350757
1189
774
580
612
41[7 622
816 294 473
a, h 
d^ b
Cf d 
Cf d
e j
h
i
а) Shimanouohi (1972)
б) Oka (1960a)
c) Landolt-BornBtem (1951)
d) Bugawara aZ (1951)
e) Hopper et al (1968)
f)  Laurie et al (1962)
g) Bobmst^n (1953)
h) Overond eZ aZ (1969)
i) Hopper elij al (1972)
sensibly the same in COClg as well as COBrg. However, this force constant fo 
and the interaction force c o n s t a n t h a v e  assumed enhanced values in COF ;^ a 
similar behaviour is also noticed between C8F2 and CSCI2. Such enhancements 
appear to be a reflection of the relative differences relating to the concerned 
vibrational frequencies. # ‘
Additional data such as isotopic shifts, Coriolis coupling constants and 
centrifugal distortion constants have been employed to fix the force field in rela­
tion to COHg (Becher & Adrian 1971; Oka & Morino 1961), COFg (Kredentsor 
& Sverdolov 1971) and GOClg (Becher & Adrian 1971; Mirri et al 1971). It is 
significant that the present force oonstnsts are in very good agreement with those 
values.
The generalized mean square amplitudes of vibration are reported in table 4 
The molecule CSFg and the ions CHOa" and CDOa“ have been studied here for 
the first time. Rajalakshmi & Cyirin (1966) and Ventkateswarlu et al (1967) 
have studied this problem in all other cases and the present results agree very 
closely with their values. The mean amplitudes of vibration also compare 
favourably wish published results (Muller & Nagarajan 1967; Muller etal 1968, 
Baran 1970). The values 0.0375, 0.0805 and 0.0922A obtained for the mean 
amplitudes of C-0, C-H, O...H atom pairs compare well with the experimental 
electron diffraction values 0.0413, 0.0886 and 0.0915 A reported for COH2(Kato 
et al 1969).
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Table 4. Generalized mean square amplitudes at 29d.l6^K
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s
Sl.No. Mol/Ion Distance <  Az® > <  > <  Ay“ > <  Az Aa; >
1. COHa 0 — 0 1.3950 0.6742 0.4939 0
C— H 6,4439 12.1002 6.0529 -0.0034
0...H 8.6278 7.8803 4.5583 -2.4898
H...H 16.1413 19.0624 0 0
2. CODfl 0— 0 1.3030 1.0684 0.9692 0
C — D 4.6631 8.0740 5.6866 0,0197
O...D 6.2603 4.5857 1.9606 -1.4329
D...D 10.6683 11.9143 0 0
3. CHOa- C— H 6.4140 12.7280 13.6421 0
C— 0 1.6262 2.0017 0.8064 -0.0422
H,..0 9.2552 10.6731 7 7390 2.3088
0...0 2.168B 0.1517 0
1
0
4. CDOfi- C ~ D 4.6006 9.0644 7.8760 0
C— 0 1.6378 2 1123 1.3105 \ -0.0368
D...0 6.7537 7.1659 2.7611 1i 1.6617
0...0 2.1836 0.2508 0
6. COFa C— 0 1.2804 3.1564 2.6986 \  ^0— F 1 9003 2 4373 2.1882 \ 0.0620
O. .F 2.4685 1 6271 0.0170 -1.3512
F.. F 2.5975 1 4906 0 0
6. OOCla C— 0 1.3617 4.9141 4,0889 0
C— Cl 2.4277 4.0664 2.7069 0.0B78
. 0...C1 3.3698 3.7311 0.1422 0.0611
Cl ..Cl 4.2436 0.7478 0 0
7. COBra C— 0 1.3632 6.5731 .6.1128
(
' 0
C — Br 2.4808 5.0084 2 8777 -0.0808
O...Br 3.9577 6.5974 0.3L90 0.2663
Br...Br 4.6696 0.2632 0 0
8. CSFa * C— S 1.4233 2.0167 2.6425 0
C— F 2.1352 3.4305 3.1087 0.0027
S...F 2.7272 1.3141 0.0189 0.0031
F  ..F 3.0783 3.3230 0 0
9. CSOla C— S 1.7442 5.1488 4.2607 0
C— Cl 2.5667 5.9439 3.9739 0.0891
S...C1 3.6620 3.8982 0 0063 -0.4320
Cl... Cl 5.9656 2.3699 0 0
The calculated values of the Coriolis coupling constants and the centrifugal 
distortion constants are given in tables 5 and 6 respectively. The zeta values 
obey the relevant sum rules. The centrifugal distortion constants of COBrg, 
CHOg" and CDO^' are presented here for the 6rst time. I t  may also be seen from 
table 6 that the calculated T*values compare closely with those determined 
experimentally, lending further sujiport to the fact that the present values are 
reasonable,
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Table 6. Centrifugal distortion constant (MHz)
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Sl.No. Mol/Ion Taaaa 'Taabb 'Tabab
1. COHa -92.4027
-101.831
-0 ,3643
-0.3922
-0 .3837
±0,0160
0.9275
1.4101
1.7988
±0.1499
-3 .3726  
-3 .2920a  
— h
2. CODa - 2 ]  8515 
-25.4940
-0 .2878
-0 .3194
0,6672
0.9273
-1 .7418
-1.7808a
rt. CHOa- -19.2043 -0 .0386 0.4297 -0 .1184
4. CDOa“ -6.70C0 -0.0389 0.2418 -0 .1302
r>. COFa -0.05642
-0.06539
±0.00009
-0.04172  
-0.04517  
± 0  00009
0.01849 
0 02467 
±0.00086
-0.03622  
-0.03568  
\ ±0.00044c
Cl. COCla -0.05072
-0.04097
±0.00028
-0.00660  
-0.00675  
± 0  00004
0.01055
0.00830
± 0.00020
\ -0.00518  
\-0.00573rf
V o . 00009
\
7. COBfa -0.0356 -0 .0006 0.0030 -0 .0008
8. CSFa -0.0604 -0 .0066 0.0071 -0 .0198
9. CSCla - 0  0079 -0.0097 0.0068 -0 .0015
n—Oka el al (1960b) 
6—Toth (1973)
c—Mirri et al (1969) 
d—Mirri et al (1971)
3, Conclusion
A fresh attempt has been made to evaluate all the general quadratic force 
constants of nine planar XYZg type molecules and ions. The values of the force 
constants and other molecular constants appear to be highly reasonable. It is 
thus seen that the kinetic constants do play a fundamental role in molecular 
dynamics and a recognition of the same leads to acceptable sets of molecular 
constants.
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